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Description 
Modular Surface Mount Manifold 

Cross Reference to Related Applications 

[0001] This application is a continuation of United States Patent 
Application Serial No. 09/719,727 which is a 371 National 
Application of International patent application No. PCT/ 
US99/04972 filed on March 5, 1999 and which designated 
the U.S. This application claims the benefit U.S. provi- 
sional application No. 60/076,871 filed on March 5, 1998. 
Background of Invention 

[0002] The invention relates in general to manifolds for fluid sys- 
tems, and more particularly, the invention relates to a 
modular gas distribution system for use in high purity 
fluid systems and corrosive fluid systems such as gas sys- 
tems used, for example, to manufacture semiconductor 
wafers. 

[0003] To manufacture semiconductors, the industry uses various 
high purity gases. These gases are controlled by systems 
made up of high purity valves, regulators, pressure trans- 



ducers, mass flow controllers and other components con- 
nected together by welding and high purity metal seal fit- 
tings. These connections may be undesirable in some ap- 
plications because they add additional time and cost for 
welding operations, unnecessary space between compo- 
nents and make it difficult to replace a component located 
between other components. Further, these systems are 
typically custom designed and manufactured which make 
the manufacturing costs and procurement of replacement 
parts quite expensive. 
[0004] N ew modular manifold systems have been recently intro- 
duced into the industry in order to overcome these prob- 
lems. Typical components of these systems such as 
valves, pressure regulators and other typical fluid compo- 
nents have been reconfigured so that their inlet and outlet 
ports and attachment mechanisms are compatible with 
surface mount manifolds. These manifolds are typically 
comprised of modular blocks which are machined of high 
purity metal and have machined internal flow passage- 
ways. These prior art modular systems typically utilize a 
metallic seal between the component and a modular block 
face, as well as face seals machined on the exterior sides 
of the modular block faces for sealing engagement with 



mating modular blocks. One objective of such systems is 
to use surface mount standard configurations based upon 
industry standards to permit interchangeability of surface 
mount components. 
[0005] one disadvantage to these type of prior art modular sys- 
tems is that the entire modular block is made of high pu- 
rity metal. Further, these block components also have 
higher manufacturing costs due to the complexity of ma- 
chining multiple passageways of a single block as well as 
a higher risk of expensive scrap being formed due to the 
manufacturing complexity. In addition, the mating blocks 
require the use of mating seals therebetween, which re- 
quire additional manufacturing time, and further require 
proper installation and makeup torque of the fastener 
members in order to ensure a leak-tight seal. 
Summary of Invention 

[0006] Thus it is desired that a modular manifold design be pro- 
vided which eliminates the seals between modular mating 
blocks, dramatically reduces the amount of expensive ma- 
terial utilized, and results in a simpler and less expensive 
system to manufacture while providing a reduced system 
footprint or envelope which meets or surpasses the per- 
formance, integrity and reliability of existing systems. 



[0007] The invention provides in one aspect a bridge fitting for 

use in a fluid manifold system for being in fluid communi- 
cation with one or more fluid components, such as valves, 
regulators, pressure transducers, mass flow controllers, 
and the like. The bridge fitting comprises a first elbow fit- 
ting connected to a second elbow fitting, with the con- 
nected elbow fittings having an internal fluid passageway 
therethrough. The internal passageway of the bridge fit- 
ting has an inlet end and an outlet end, with the inlet end 
in fluid communication with an outlet port of the first fluid 
component, and the outlet end of the bridge fitting in 
fluid communication with an inlet end of a second fluid 
component. 

[0008] jhe invention provides in another aspect a bridge fitting 
for use in a fluid manifold system for being in fluid com- 
munication with three or more fluid components, wherein 
one or more of said fluid components has a single port. 
The bridge fitting comprises a first and second elbow fit- 
ting having a respective end connected to a tee fitting. 
The tee fitting is located between the elbow fittings, with 
each of the elbow fittings and the tee fittings having an 
internal fluid passageway in fluid communication with 
each other. The internal passageway of the fittings have 



an inlet end and a first and second outlet end, with the in- 
let end in fluid communication with an outlet port of the 
first fluid component, and the outlet ends of the fluid 
passageway being in fluid communication with an inlet 
end of a second and third fluid component, respectively. 

[0009] The invention provides in yet another aspect a modular 
fluid manifold system for connecting with one or more 
surface mount type fluid components having an inlet port 
and an outlet port, the modular system comprising: one 
or more bridge fittings having an internal fluid passage- 
way therethrough; the internal passageway of the bridge 
fitting having an inlet end for connecting to an outlet port 
of the first fluid component, and an outlet end for con- 
necting to an inlet port of the second fluid component, 
whereby the internal fluid passageway of the bridge fitting 
is in fluid communication with the first and second fluid 
components when the system is assembled. 

[0010] still further, the invention provides a modular fluid mani- 
fold system for connecting with one or more fluid compo- 
nents comprising an inlet port and one or more outlet 
ports. The manifold system comprises one or more bridge 
fittings having an inlet end and an outlet end and an in- 
ternal passageway joining said ends therethrough. The 



system further includes a locator plate having an upper 
surface for mounting the fluid components thereon and a 
plurality of holes aligned with the inlet and outlet ports of 
the fluid components. The locator plate has a lower sur- 
face for mounting the bridge fittings thereto. The inlet 
end of each of the bridge fittings are in fluid communica- 
tion with an outlet port of a fluid component, and an out- 
let end of each of the bridge fittings are in fluid commu- 
nication with an inlet port of another fluid component. 
[001 1] These and other features and advantages of the invention 
will become apparent in the detailed description and 
claims to follow, taken in conjunction with the accompa- 
nying figures. 
Brief Description of Drawings 

[0012] The invention may take physical form in certain parts and 
arrangements of parts, a preferred embodiment of which 
will be described in detail in this specification and illus- 
trated in the accompanying drawings which form a part 
hereof, and wherein: 

[0013] Figure 1 is a perspective view of the complete manifold 
assembly shown with representative components and 
seals incorporating features of the subject invention; 

[0014] Figure 2 is an exploded perspective of a manifold assem- 



bly and representative components and seals incorporat- 
ing features of the subject invention as shown in Figure 1; 

[0015] Figure 3 is an exploded elevational view of a portion of 
the manifold of Figure 2, showing one complete gas 
bridge located between two partially illustrated gas 
bridges and showing an optional representative seal; Fig- 
ure 3A is a cross-sectional view of the assembled mani- 
fold portion of Figure 2; 

[0016] Figure 3B is a cross-sectional view of an alternative gas 
bridge incorporating a tee fitting and an additional tube 
section, in addition to the two elbows and the tube sec- 
tion shown in the complete gas bridge 8 illustrated in Fig- 
ures 3 and 3a; 

[0017] Figure 4 is a perspective view of an alternative manifold 

system of the present invention which incorporates multi- 
ple flow paths extending in various directions; 
Detailed Description 

[0018] Referring now to the drawings wherein the drawings are 
for the purposes of illustrating the preferred embodi- 
ments of the invention only and not for purposes of limit- 
ing same, a unique manifold system is shown in the Fig- 
ures 1 - 30. The inventions as shown and described in the 
Figures are useful, for example, as part of a high purity 



modular gas distribution system used in the manufacture 
of semiconductor devices or other fluid systems which 
must withstand corrosive fluids. The present invention is 
not limited to the use in high purity fluid systems, and 
may be useful in any application relating to fluid flow 
control. Additionally, the various aspects of the present 
invention shown and described herein may be used sepa- 
rately or in various combinations as required for a partic- 
ular application. Furthermore, although the preferred em- 
bodiments are described herein with reference to an ex- 
emplary modular manifold design, those skilled in the art 
will readily understand the invention can also be used in 
other modular system designs. 
[0019] Now referring to the drawings and more particularly Fig- 
ure 1, a modular fluid manifold system 10 is shown as- 
sembled together with fluid flow control components such 
as valves 12, flow regulators 13, filters 14 and the like. 
The fluid components may be utilized in conjunction with 
the invention, but are not part of the invention. The fluid 
components 12-14 are preferably surface mount type 
components, and each component has an inlet port 16 
and may additionally comprise one or more outlet ports 
18 as shown in Figure 3A, which allow fluid communica- 



tion to the fluid component. A series of fasteners 22 of 
the fluid components pass through openings 24 in the 
base flanges 26 of the fluid components in order to se- 
cure the components to the modular manifold system 10. 
[0020] The modular manifold system 10 of the present invention 
may comprise one or more bridge fittings 50, an optional 
locator plate 30, an optional backing plate 40, optional 
end fittings 45, and optional sealing elements 60. These 
elements are described in more detail, below. The bridge 
fittings 50, as shown in Figure 3, may be in the form of 
two elbow fittings 52 which are shown joined by an op- 
tional tubular extension 54 connected to the respective 
ends of the elbow fittings 52 by conventional means such 
as by welding. The elbow fittings 52 have an interior fluid 
passageway 56 having an inlet end 58 and an outlet end 
62,64, with the inlet end 58 having a 90 degree orienta- 
tion with respect to the outlet end 62,64. The optional 
tubular extension 54 has an internal fluid passageway 
which connects with the adjoining fluid passageway of the 
two adjacent elbow end fittings 52, such that a U-shaped 
fluid passageway is formed within the interior of the 
bridge fitting 50, with the passageway having an inlet end 
62 and an outlet end 64. 



[0021] a s shown in Figure 3A, the inlet end 62 of the bridge fit- 
ting 50 is in fluid communication with a respective outlet 
opening 18 of a fluid component 12, and the outlet end 
64 of the bridge fitting 50 is in fluid communication with 
the inlet port 16 of an adjacent fluid component 13. Thus 
the bridge fitting 50, acts as a "bridge" to transfer fluid 
between adjacent fluid components such as 12,13 without 
the need for metal to metal seals between adjacent bridge 
fittings 50, which is typically required by the mating of 
adjacent prior art modular blocks. It is preferred that the 
bridge fitting 50 be comprised of stainless steel such as 
316, hastalloy, semiconductor quality material ("SCQ"), or 
other material suitable for use in conjunction with semi- 
conductor processing fluids. However, for typical indus- 
trial applications, any suitable material such as plastic or 
metal would work for the invention. 

[0022] Moreover, the bridge fittings 50 are of a reduced dimen- 
sion so that the amount of expensive material of the 
modular manifold can be substantially reduced. Prior art 
modular systems utilize modular manifold blocks, (with 
the surface mounted components thereon) made of ex- 
pensive materials and which have the internal gas flow- 
paths integrally machined out of the manifold block. As 



the semiconductor industry moves toward standardization 
of modular gas system components, these modular mani- 
fold block components have a standard upper flange 
mounting surface area in order to mate with a standard- 
ized flange of a surface mounted flow component. Thus, 
the surface mounted flow components are readily inter- 
changeable. Thus the prior art modular component blocks 
use a large volume of expensive material. The present in- 
vention provides a gas flow passage that is defined by a 
bridge fitting 50 which has a substantially reduced volume 
of expensive material as compared to the conventional 
prior art modular component blocks. This results in a 
more economic gas path manifold which is cheaper and 
easier to make than the prior art component blocks. 
[0023] As shown in Figure 1, the modular system 10 may also 

comprise end fittings 45, which comprise an elbow fitting 
having a 90 degree internal passageway connected to a 
standard fitting 46, such as a standard face-type fitting 
such as a VCR fitting or other suitable fitting for connect- 
ing with a fluid line. The end fitting 45 may be utilized as 
an inlet fitting or an outlet fitting which mates with the 
fluid line (not shown). Thus, the outlet or inlet end of the 
elbow fitting is connected to the respective inlet or outlet 



end of a fluid component. It is preferred that the end fit- 
tings 45 be comprised of stainless steel, 316 stainless, 
SCQ stainless or other material suitable for use in con- 
junction with semiconductor processing fluids, or the flu- 
ids of interest for a specific application. For typical indus- 
trial applications, the end fittings 45 may be comprised of 
any suitable material such as plastic or metal. 
[0024] The modular manifold system 10 of the present invention 
may further optionally comprise a backing plate 40. The 
backing plate 40 may comprise a flat plate, but it prefer- 
ably has an interior groove or channel 42 for receiving a 
plurality of bridge fittings 50 and end fittings 45 disposed 
therein. Each elbow fitting 52 of the bridge fitting 50 and 
the end fitting 45, has an exterior shaped body of an ap- 
propriate dimension which mates with the shape of the 
groove or channel 42 in order to prevent rotation of the 
bridge fitting 50 within the channel 42. It is preferred but 
not required that the external shape of the elbow fitting 
52 be rectangular or square. It is also preferred that the 
internal side walls 44 forming the channel 42 have a suit- 
able dimension for closely receiving a square shaped 
body, or that two of the opposed side walls have an ap- 
propriate dimension for receiving a rectangular shaped 



body. The invention is not limited to the above mentioned 
shapes, as any complementary shaped channel with re- 
spect to the shaped body of the elbow fitting 52 would 
work for the invention. The backing plate 40 may be com- 
prised of any suitable material such as metal and metal 
matrix composites, but it is preferably made of a low-cost 
lightweight material such as aluminum. 
[0025] | n one embodiment of the invention (not shown), the 
channel 42 is of a sufficient depth such that the bridge 
fittings 50 and the end fittings 45 can be completely re- 
ceived within the channel 42 such that a recess is formed 
(not shown) for receiving a seal 60 between the inlet 62 
and outlet 64 of the bridge fittings and the opposed 
channel walls 44. In order to assemble the system in this 
embodiment, the bridge fittings 50 are inserted within the 
channel 42 of the backing plate 40, such that the bridge 
fittings 50 are spaced to have minimal clearance between 
adjoining bridge fittings 52. Next, the inlet and outlet 
ports of the fluid components 12-14 are carefully aligned 
with the respective outlet and inlet ports of the pertinent 
bridge fittings. For example, an inlet end of a first bridge 
fitting 50 is aligned for fluid communication with an outlet 
of a first fluid component. Next, the outlet end of the first 



bridge fitting 50 is aligned with the inlet of a second fluid 
component which is adjacent to the first fluid component. 
After the inlet and outlet ports are carefully aligned, the 
fasteners 22 are inserted through holes 24 of the flanges 
26 of the fluid components and into mating holes (not 
shown) of the backing plate 40, such that the fluid com- 
ponents are secured to the backing plate 40. 

[0026] it is preferable that the manifold system 10 further com- 
prise seals 60, which are received between the mating in- 
let/outlet ports of the bridge fittings 50 and the fluid 
components. The seals 60 may be made of any suitable 
material such as elastomer, plastic, rubber or polymer 
material and preferably, a soft metal such as nickel. C 
seals may also be used, as well as composite seals to 
name additional examples. Other seal technologies which 
may used in conjunction with the invention will be readily 
apparent to those of ordinarily skill in the art. 

[0027] | n a second embodiment of the invention as illustrated in 
Figures 2, 3 and 3A, an optional locator plate 30 may be 
utilized with the invention. The locator plate 30 has a plu- 
rality of holes aligned to receive the ends 62,64 of the 
bridge fittings 50 therein. The ends of the bridge fittings 
50 are preferably slightly shorter than the thickness of the 



locator plate 30 such that a recess is formed for receiving 
a seal 60 therein. The locator plate 30 additionally has 
holes 32 aligned for receiving fasteners 22 therein. Thus 
in order to assemble the system pursuant to the second 
embodiment of the invention, the bridge fittings are 
placed within the channel 42 of the backing plate 40, and 
then the holes of the locator plate are aligned with the in- 
let and outlet end of the bridge fittings 50. The locator 
plate is then lowered into position such that the ends of 
bridge fittings 50 are inserted through the aligned holes 
34 of the locator plate 30. Fasteners 36 are then inserted 
through aligned holes 38 of the backing plate for recep- 
tion into aligned holes 39 of the locator plate 30. Lastly, 
the fluid components 12-14 are then secured to the loca- 
tor plate 30 using fasteners 22. 
[0028] An alternative embodiment of a bridge-tee fitting 70 is 
shown in Figure 3B. This bridge fitting 70 may be used in 
conjunction with three adjacent fluid components, 
wherein the middle fluid component has only one inlet 
port, e.g., a pressure transducer, or a flow diverter which 
redirects a portion of the fluid flow along another flow 
path. The bridge fitting 70 is comprised of two elbow fit- 
tings 52, each having an internal fluid passageway in fluid 



communication with a tee fitting 72. The tee fitting 72 has 
an inlet end 74, and two outlet ends 76, 78. Outlet end 76 
of the tee fitting 70 is in fluid communication with the in- 
let of a single port fluid component such as a pressure 
transducer. The outlet end 78 of the tee fitting is in fluid 
communication with the outlet end 80 of the bridge fit- 
ting. Thus the bridge tee fitting 70 has an inlet end 82 
and two outlet ends 76 and 80, and may be used to 
"bridge" or transfer the flow between three adjacent fluid 
components, wherein the middle fluid component has 
only a single port. 
[0029] Figure 4 shows yet another embodiment of a locator plate 
80 designed for use with fluid flowing in multiple flow 
paths A, B, C and D. In order to better illustrate the inven- 
tion, the backside of the locator plate is shown with re- 
spect to the bridges 50 (i.e., the opposite of Figure 2). The 
arrangement of the bridges 50 within the holes 82 of the 
locator plate allow for the combination or mixing of fluids 
from one or more flow paths. Thus as shown in Figure 4, 
four independent flow paths are shown (A, B, C and D) 
which are mixed together in desired proportions by fluid 
components (not shown) which result in the fluid outlet 
86 of the system to be comprised of the fluids A, B, C and 



D mixed in a desired proportion. This is accomplished by 
using a fluid component such as a valve having a three 
port configuration (at locations 84) in order to allow for 
the mixture of the different fluids from separate flow 
paths. Note that the bridge fittings 50 are combined in a 
"pegboard" style arrangement in order to achieve the de- 
sired result as described above. Thus bridges 50 are used 
to interlink or join the separate flow paths in order to 
achieve the fluid mixing, without the need for any spe- 
cially adapted components. This is a distinct advantage 
over prior art block type modular designs, as a special 
block having three ports would be needed. 

[0030] | n this embodiment of the invention, the locator plate 80 
may be used both as a support for the bridges 50 and as a 
"locator" without the need for a support plate. The bridge 
fittings 50 may further comprise a threaded end (not 
shown) which can be inserted into aligned threaded holes 
82 of the locator plate 80. The ends 62,64 of the bridge 
fittings 50 may also be press fit into the aligned holes 82 
of the locator plate 80 or be attached by retainer clips (not 
shown) to the locator plate. Other attachment means may 
be readily apparent to those ordinarily skilled in the art. 

[0031] | n this embodiment of the invention, the ends 62,64 of 



the bridge fittings 50 may vary in height, with a height 
sufficient to allow multiple layers of bridge fittings (not 
shown). This cross layer feature would be useful, for ex- 
ample, if it were desired to provide purge gas in Line A to 
the other gas lines B, C and D. In order to accomplish this, 
a modified bridge fitting 50 would be needed which would 
additionally comprise a tee fitting for mating with the 
bridge fitting of an upper layer. The tee fitting would be 
located between the elbow fittings as shown in Figure 3B, 
and have an internal fluid passageway in communication 
with the internal fluid passageways of the elbow fittings. 
However, unlike Figure 3B, the opening of the tee fitting 
would be 180 degrees opposite of the openings of the el- 
bow fittings in order to mate with the tee fitting of a 
bridge fitting located in another layer. Thus this embodi- 
ment of the invention would result in a fluid manifold sys- 
tem having multiple fluid flow paths, with said paths be- 
ing capable of extending in multiple directions. Further, 
this embodiment allows for multiple or three dimensional 
layering of gas flow paths, wherein the fluid flow paths of 
one layer may be in fluid communication with the fluid 
flow path of another layer(s). 
[0032] | n summary, the invention provides a bridge fitting which 



may be used to form a gas or fluid flow path in conjunc- 
tion with fluid components which are preferably surface 
mount components. These bridge fittings eliminate the 
need for mating seals needed between adjacent blocks of 
the prior art, and they are much simpler and cheaper to 
manufacture. Further, the invention provides for easy in- 
stallation of multiple fluid flow paths and fluid compo- 
nents in multiple directions and layers. The invention also 
provides for the interchangeability of fluid components 
while allowing easy access to the components for ease of 
maintenance. 

[0033] while the preferred embodiments of the invention has 
been illustrated and described, it should be understood 
that variations will become apparent to those skilled in the 
art. Accordingly, the invention is not limited to the spe- 
cific embodiments illustrated and described herein, but 
rather the true scope and spirit of the invention are to be 
determined by reference to the appended claims. 



